Abstract: Peyronie's disease (PD) is a connective tissue disorder characterized by a fibrous plaque involving the tunica albuginea of the penis. The inelastic fibrous plaque leads to a penile curvature. Several Authors have suggested an immunological genesis of this disease, others have linked PD with Dupuytren's contracture. Signs of this disease are curvature, penile pain, penile deformity, difficulty with coitus, shortening, hinging, narrowing and erectile dysfunction. The natural history of PD and the clinical course can develop from spontaneous resolution of symptoms to progressive penile deformity and impotence. Surgical treatment is indicated when patients fail the conservative medical treatment and however, only in case of disease stabilization with a condition of impossibility of penetration. The medical treatment is indicated in the development stage of PD for at least one year after diagnosis and whenever in case of penile pain. Current non-surgical therapy includes vitamin-E, verapamil, para-aminobenzoate, propoleum, colchicine, carnitine, tamoxifen, interferons, collagenase, hyaluronidase, cortisone, pentoxifylline, superoxide dismutase, iontophoresis, radiation, extracorporeal shock wave therapy (ESWT) and the penile extender. The etiology of this fibrotic disease is not widely known, although in recent years pathophysiological knowledge has evolved and new studies propose the penile trauma as cause of the disease. The penile trauma results in a delamination of the tunica albuginea with a consequent small hematoma, then the process evolves as an inflammation with accumulation of inflammatory cells and production of reactive oxygen species (ROS). In the course of the inflammation, Peyronie's disease occurs due to the activation of nuclear factor kappa-B, that induces the production of inducible nitric oxide synthase (iNOS), with an increase of nitric oxide, leading to increased production of peroxynitrite anion. All these processes result in the proliferation of fibroblasts and myo-fibroblasts and excessive production of collagen between the layers of the tunica albuginea (penile plaque). Referring to the current knowledge of inflammatory and oxidative mechanisms of PD, a possible therapeutic strategy is then analyzed.
INTRODUCTION
Peyronie's disease (PD) is a connective tissue disorder characterized by a fibrous inelastic plaque involving the tunica albuginea layer of the penis. Every defect in the tunica albuginea of the penis can deform the appearance and the static of the penis resulting in a possible penile curvature. The albuginea of the corpora cavernosa consists of two layers of connettive tissue (outer longitudinal and inner circular layer) [1] . After traumatic events, these layers are separated by micro-bleeding and blood clots caused by the rupture of small vessels (which runs through the layers). For the first time, François Gigot de Peyronie (surgeon of the Court of King Louis XV of France) described this disease in 1743 [2] . Several Authors have suggested an immunological origin of this disease [3, 4] . Others authors have linked Peyronie's disease with Dupuytren's contracture, indicating considerable incidence of Dupuytren's disease in patients with PD (15.4-21%) [5, 6] , while 10%-40% of patients with PD are affected by Dupuytren's contractures [7] . Ralph et al. found a significant association between Peyronie's disease and HLA-B27 [8] . A recent study performed on the excised tunica albuginea (apparently normal and distant from plaque) from patients with PD operated using Nesbit technique, have shown that in 61.3% of the cases the histological findings indicated fibrosis of tunica albuginea. Another similar study has detected the presence of alterations in the tissues of corpora cavernosa adjacent to the PD-plaque, consisting of histological changes (similar to those found in plaque). This seems to suggest that, in patients with PD, the noxa (phenotypic expression) is widespread within the entire tunica albuginea of the corpora cavernosa [9, 10] . A recent research indicates that PD is more common in men with skin white [11] and several studies indicate a prevalence of 3.2 to 8.9% in adult men [12] [13] [14] . La Pera et al. showed a significant correlation between cigarette smoking and PD [13] . We believe that the discovery of this association is due to the well-known adverse effects of cigarette smoking on the antioxidant defense system [15] [16] [17] [18] . Signs of Peyronie's disease are: penile curvature, pain, penile deformity, difficulty with coitus, shortening, hinging, narrowing and erectile dysfunction. The etiology of this fibrotic disease is not widely known, although in recent years pathophysiological knowledge has evolved and new studies propose the penile trauma (micro-or macro-trauma) as cause of the disease [19, 20] . The inflammatory lesion may be the result of penile trauma during sexual intercourse (sometimes for particular positions) or caused by work-related injuries or accidents related to the everyday life. Zargooshi recently reported an increased incidence of PD after penile trauma resulting from a particular practice called "taqaandan": a forceful bending of erect penis that some men, in some regions of the Middle East, perform to stop abruptly penile erection [21, 22] . The "natural history" of patients with PD and the clinical course varies from spontaneous resolution of symptoms to progressive deformity and erectile dysfunction. Though some studies reported the spontaneous resolution in patients without any therapy [23, 24] , other authors have achieved a worsening of the penile curvature, respectively, in 30,2% and 48% of cases at follow-up [25, 26] . This suggests that the patients must be informed that PD is progressive without treatment and spontaneous resolution is rare. Surgical treatment is indicated when the patients have failed conservative therapy and however, only in case of disease stabilization with a condition of impossibility of penetration due to the strong penile curvature. Medical treatment is indicated in the development stage of PD, for at least one year after initial diagnosis and whenever there is local pain.
Current conservative treatment includes: vitamin-E, verapamil, para-aminobenzoate (potaba), propoleum (propolis), colchicine, tamoxifen, interferons, collagenase, hyaluronidase, cortisone, pentoxifylline, superoxide dismutase, iontophoresis (as a vehicle for drugs into the penis), radiation and extracorporeal shock wave therapy (ESWT) [27] [28] [29] [30] etc. Regarding the penile curvature secondary to PD, in recent years, it was proposed a noninvasive and non-surgical approach consisting in the use of a new medical device: the penile extender [31] .
INFLAMMATION IN PEYRONIE'S DISEASE
It has not even been established the origin of the inflammatory process that leads to an excessive collagen deposition and then to the formation of plaque, although the most accepted theory seems to be the one that considers this fibrosis as the result of a penile trauma. The trauma would result in a delamination of the tunica albuginea with a consequent small hematoma and deposition of fibrin. Microvascular trauma leads to extravascular leakage of blood, with thrombus formation that leads to deposition of fibronectin and fibrin. Then the process evolves as an inflammation with accumulation of inflammatory cells and production of reactive oxygen species (ROS). From these effects it arises a chain of events leading to the proliferation of fibroblasts and myo-fibroblasts and excessive production of collagen between the layers of the tunica albuginea (plaque) (Fig. 1) . In Peyronie's disease the process of wound healing does not occur regularly, on the contrary in PD occurs a dysregulation of this process with an overproduction of collagen and the replacement of normal cellular material with connective tissue. The deposition of fibrin determines the start of the response to wound healing with the subsequent phlogistic process: attraction of inflammatory cells (macrophages, neutrophils, mast cells etc.) and production of inflammatory cytokines (transforming growth factor-beta-1 etc.) [32] [33] [34] . Transforming growth factor-beta (TGF-beta-1) is also released by platelets together with platelet-derived growth factor (PDGF) [35] . Neutrophils are present especially in the first 24 hours with the function of removing debris and bacteria. After 48 hours become prevailing macrophages whose function is to remove bacteria and debris and release of TGF-beta-1. In the area occurs a concentration of fibroblasts attracted by TGF-beta-1 and PDGF [36] . TGFbeta-1 induces the biosynthesis of collagen and leads to the formation of plaque; this is demonstrated both in animal models than in human [37, 38] . TGF-beta-1 also stimulates the transformation of fibroblasts into myofibroblasts, inhibits myogenesis and induces osteogenesis [39, 40] . Myofibroblasts are mesenchymal cells that share the phenotype of smooth muscle cells and fibroblasts and therefore possess the ability to contract and to synthesize collagen. Cantini et al. reported a profibrotic role of Myostatin (a member of the TGF-beta family) in Peyronie's disease [41] . Though PDGF is synthesized stored and released by platelets (as well as TGF-beta-1) upon activation, it is produced by other cells: monocytes and macrophages, vascular endothelial cells, and smooth muscle cells [42] . The fibroblasts are one of the main targets of PDFG [36] . The biological activities of PDGF are potent mitogenic effect and chemoattraction directed to fibroblast, stimulation and induction of the synthesis of collagens and proteoglycans. There are other mediators in PD who mediate migration and proliferation of fibroblasts: fibroblast growth factor (FGF), interleukin-1 (IL-1) and tumor necrosis factor alpha (TNFalpha) [43, 44] (Fig. 1) . Also FGF and IL-1 stimulate the collagen synthesis. Monocytes are the main source of secreted IL1 and normally, TNF-alpha is mainly secreted by macrophages. In Peyronie's disease production of FGF by the plaque derived myofibroblasts resulted in significantly higher [44] . TGF-beta-1, PDGF and plasminogen activator inhibitor-1 (PAI-1: profibrotic protein) are overexpressed in PD plaques [45] . Some authors reported that men with PD, in their tunica albuginea have more represented type III collagen than type I collagen [46, 47] . The progression of the PD plaque may possibly lead to calcification or ossification in 15-25% of patients [37, 48, 49] . The calcification of the penile plaque may result from osteogenic differentiation of fibroblasts and/or myofibroblasts and may be triggered by TGF-beta-1, chronic inflammation, oxidative stress and other profibrotic factors [49] .
During the early phase of PD there is an increase in oxidative stress which in the form of free radicals induces overexpression of fibrogenic cytokines, as well as augmented transcription and synthesis of collagen. TGFbeta-1, in addition to directly inhibiting collagenase and promoting collagen synthesis, increases ROS levels [50] ( Fig. 1) .
ROS and TGF-beta-1 are the major mediators for enhancement of collagen synthesis, decrease in local activity of collagenase and overproduction of other extracellular matrix proteins [51] ) and peroxynitrite (ONOO-) also known as reactive nitrogen species (RNS) (Fig. 2) . Nitric oxide is a noncholinergic and nonadrenergic neurotransmitter of cavernosal smooth muscle relaxation responsible for erection of the penis. Conversely, in Peyronie's disease an excess of NO production (iNOS mediated) could lead to pathological consequences in the cavernosal penile tissue [52] . In the tissue of the corpora cavernosa and in myofibroblasts from patients with Peyronie's disease there is an overexpression of inducible nitric oxide synthase (iNOS) protein and peroxynitrite [43] . It was determined that in the human PD plaque, iNOS mRNA protein, ROS, and the peroxynitrite marker (nitrotyrosine), were all increased in comparison to the normal tunica [51] . Since in patients with PD were found pathological levels of ROS and RNS, we can deduce that the free radical chain reaction responsible for the oxidative and nitrosative stress is the same as well as in other chronic inflammatory pathological conditions (see Fig. 2 ). The oxidative stress also leads to tissue damage and increase activity in inflammatory phagocytic cells, neutrophils and macrophages. The release of cytokines and the overproduction of ROS contribute to determine the activation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B) (Fig. 2) . This factor that is found in almost all cell types, is a complex protein that controls the DNA transcription; the activation of NF-B contributes to the overproduction of collagen (penile fibrotic plaque). Sikka et al. described that the activation of this transcription factor leads to the expression of genes on specific targets: FGF, TGF-beta-1, iNOS, collagen, fibrin [53] . The secondary induction of the expression of iNOS leads to an increase of nitric oxide. Nitric oxide produced in response to inflammation, results in many patologic events which contribute to the appearance of fibrotic plaque [52] ; the final effects of NO depend on its concentration. When concentrations of NO increase in course of inflammation, nitric oxide radical competes with superoxide dismutase (SOD) and leads to production of peroxynitrite (ONOO-) a highly toxic and pro-fibrotic compound that induces cytotoxic effects on cavernosal muscle by: lipid peroxidation, DNA fragmentation, damage and nitration of proteins resulting in cellular and organ dysfunction [43] secondary to collagen accumulation.
THERAPEUTIC LANDSCAPE AND MECHANISMS OF DRUG ACTION
Two important basic categories of pharmacological agents have been used in Peyronie's disease: anti-fibrotic drugs and anti-oxidants. Verapamil, potassium paraaminobenzoate, colchicine, interferon, tamoxifen and collagenase are used in PD as anti-fibrotic agents. However, anti-inflammatory agents and "external energy therapies" are also used.
Verapamil is a calcium channel blocker with the following activities: it reduces the local production of extracellular matrixes by fibroblasts; it reduces the proliferation of fibroblasts; it increases the local activity of collagenase; it affects the cytokine regulation of fibroblasts (reducing the excess production of fibrogenic cytokines) [54] . The results of the Levine study (intralesion injections of Verapamil/10 mg/biweekly/6-months) shows an improvement of the penile curvature in 42% of the cases and a reduction in plaque volume of 50% in 30% of the patients [55] . Rehman's research (intralesion injections of Verapamil/10-27 mg/weekly/6 months) shows a decrease of the plaque volume in 57% of the cases [56] . Even we used the Verapamil (in combination with other drugs) obtaining the following results: reduction in plaque volume = -66.43%; improvement of penile rigidity = 63.6%; decrease of the penile curvature angle = -14.0 degrees; pain disappearance = 100 % [57] . Other studies have not shown significant results in the use of intralesional Verapamil [58, 59] ; new controlled studies are needed for a more thorough evaluation of the effectiveness of Verapamil in Peronie's disease.
Potassium para-aminobenzoate (potaba) is a member of the vitamin B-complex. In fibroblast cell cultures potaba can reduce the formation of collagen [60] . According to this in vitro-study it is believed that this drug decreases serotonin levels by increasing monoamine oxidase activity, resulting in enhancement of the endogenous anti-fibrotic properties of tissues. Weidner et al. published a prospective, placebocontrolled, randomized trial of potaba [61] . This study showed that the agent can lead to a significant reduction in plaque size, but not in curvature or pain. In conclusion the following factors represent a limitation on the use of potaba: low effectiveness against penile curvature and pain, high daily dosage required (12 grams/daily) and the possible related side effects [62] [63] [64] , high cost and the unavailability in some countries. Nevertheless, some authors recommend to use potaba with the intention to prevent progression of Peyronie's disease.
Colchicine is a drug commonly used against gout attacks, however this agent inhibits fibrosis and collagen deposition primarily by inhibiting neutrophil motility and activity (by inhibiting neutrophil microtubules); it up regulates collagenase activity; it reduces inflammatory mediators. A recent randomized, placebo-controlled trial shows no difference between colchicine and placebo [65] Colchicine is associated with gastrointestinal distress, among these significant diarrhea, and less frequently aplastic anemia.
Interferon (IFN) are cytokines that modulate the normal immune system in response to the presence of foreign antigens. In vitro studies have shown that IFN-alpha( ) and IFN-beta( ) inhibit (dosage-dependent) fibroblast and collagen production from fibroblasts derived from Peyronie's disease plaques as well as an increase in collagenase production. 
INFLAMMATION local inflammatory cell infiltration Oxidative and Nitrosative Stress in Peyronie's Disease
In most of studies interferon alfa-2a (IFN--2b) was used (intralesional injection) [66, 67] ; only one study was performed (not placebo-controlled) with IFN--2a [68] . [at a dose of 5 x 10(6) units biweekly for 12 weeks] has been documented in a multicentre, placebo-controlled study to be significantly more effective than placebo in plaque size, decreasing penile curvature and penile pain [66] . The high cost of the drug and the possibility of significant adverse effects, including fever and other flu-like symptoms, have hindered its wide use in Peyronie's disease.
Tamoxifen is a non steroidal antagonist of the estrogen receptor that is commonly employed in patients with estrogen receptor-positive breast carcinoma. Furthermore, this drug modulates the release of TGF-beta-1 from fibroblasts and blocks TGF-beta receptors, resulting in diminished fibrogenesis and then Tamoxifen was used in the treatment of PD. The only randomized, placebo-controlled, double blind trial showed no statistical difference between tamoxifen and placebo [69] .
Collagenase are enzymes which by breaking the peptide bonds are able to degrade the various compounds of collagen. Few trials were performed using this medicine [70] [71] [72] [73] ; although they have demonstrated significant improvements in disease, these are not sufficient to propose a large use of collagenase in Peyronie's disease. Further studies are necessary to confirm a beneficial response to Collagenase; in this regard, a larger scale controlled multicenter trials of Clostridial Collagenase (for injection) are currently underway in the United States and in Europe.
Hyaluronidase is an enzyme that degrades hyaluronic acid by degrading interstitial bonds. It is not possible to express an opinion on this agent because there are no published trials with the use, as a single substance, in the PD treatment.
Vitamin E was the first oral therapy proposed for the treatment of PD. It is a potent antioxidant that is thought to reduce collagen deposits within the tunica albuginea. It was found that Vitamin E and its metabolites have an antiinflammatory and anti-cyclooxygenase-2 (COX-2) property [74, 75] . The antioxidant action of Vitamin E is to interact with hydroxyl radical (donating a hydrogen atom to restore the molecule to normal inert state) [54] .
A double-blinded, placebo-controlled, crossover study [76] showed no significant improvements in penile curvature or plaque size. Hashimoto et al. (2006) [77] , in a placebocontrolled study showed no higher effect of vitamin E compared to placebo.
More recently, our research that has compared outcomes in different therapeutic groups of patients with PD (patients treated with verapamil + flavonoids + topical diclofenac + vitamin E; patients treated with verapamil + flavonoids + topical diclofenac) showed more significant improvements in the groups treated with vitamin E [57] .
Propolis is a resinous substance that honey bees extract from plants (buds or tree sap). The bees use this substance to seal the small open spaces in their hives to protect from atmospheric agents, other insects and microbes. Propolis has anti-inflammatory and antioxidant properties. The principal components of this substance are flavonoids: pinocembrin, galangin, chrysin, caffeic acid phenethyl ester (CAPE), aromatic and aliphatic acids, phenols, hydrocarbons, terpenes, etc. Propolis, mainly due to its component CAPE, inhibits NF-B activity and the production of interleukins [78] [79] [80] . CAPE is known to have antimitogenic, anticarcinogenic, ant-inflammatory, and immunomodulatory properties. In particular CAPE specifically inhibits: IL-2 gene transcription and IL-2 synthesis in stimulated T-cells [79] ; TNF-alpha expression and interleukin IL-8 production [80] . The chrysin, other component of propolis, inhibits: the release of nitric oxide, TNF-alpha, IL-1 ; the expressions of inducible iNOS and cyclooxygenase-2 (COX-2) [81] .
Lemourt Oliva et al. have reported the efficacy of propoleum (300-900 mg/oral/daily/six months), in patient with PD [82] [83] [84] [85] and they did not observe any changes in the placebo group.
Pentoxifylline (PTX) reduces ROS production and protects against tissue damage by the action of its metabolites. PTX, in addition to having antioxidant properties, exerts an anti-inflammatory and antifibrotic activity. PTX attenuates TGF-beta-1-stimulated collagen deposition [86] . PTX is also a phosphodiesterase (PDE) inhibitor that downregulates TNF-alpha release and reduces the transcriptional activity of NF-B [87] . Preventing the activity of NF-B, PTX contributes to the lower production of collagen.
A double-blind placebo-controlled study in men with PD, has shown that PTX (400 mg/ oral / twice daily / 6 months) was moderately effective in reducing penile curvature and plaque size [88] ; however the results were statistically significant. Further placebo controlled studies are needed to definitively examine PTX for the treatment of PD.
Carnitine L-carnitine is synthesized from the essential amino acids lysine and methionine. It is produced by the body in the liver and kidneys and stored in the skeletal muscles, brain, heart, and sperm. Although mechanisms have not yet been elucidated, L-Carnitine has an antioxidant activity and it has been shown to be effective in diseases characterized by increased oxidative stress. L-carnitine scavenges superoxide anion radical and hydrogen peroxide. Carnitine stimulates directly the gene and protein expression of haem oxygenase-1 (HO-1) endothelial constitutive nitric oxide synthase (ecNOS) that are known as antioxidant, anti-inflammatory and antiproliferative [89] . Although no double-blind placebocontrolled studies have been conducted, Biagiotti & Cavallini in their trial (2001) [90] have shown good efficacy of Acetyl-L-carnitine (1g/oral/twice daily/3 months) in reducing plaque size, penile pain and disease progression. Q10, Ubiquinon) , is an endogenous antioxidant coenzyme, in vitro, it has been shown to decrease the expression of TGF-beta-1 [91] . A prospective, double-blind, placebo-controlled randomized clinical trial was performed by Safarinejad (2010) [92] . The results of this study, have shown that CoQ10-therapy (300mg/oral/daily/for 24 weeks) produced statistically significant improvements in plaque size, penile curvature, impaired sexual function and penile pain. Despite these excellent results, further studies are needed to confirm the beneficial effects of this substance in Peyronie's disease treatment.
Q10 (Coenzyme
Orgotein is a water-soluble metalloprotein and it is the drug version of Cu-Zn superoxide dismutase, it is obtained from bovine liver and it possesses a potent anti-inflammatory activity. Superoxide dismutase is a class of enzymes that catalyze the dismutation of superoxide into oxygen and hydrogen peroxide scavenging free oxygen radicals. Treatment with superoxide dismutase decreases ROS generation and oxidative stress. ROS have the power to further enhance inflammation and increase fibrosis, then it has been suggested that Orgotein is active in reducing the fibrotic process associated with PD. Several studies have been performed using Orgotein (intralesional injection) [93, 94] for the treatment of PD obtaining good results on pain, penile curvature and plaque size, however, no placebocontrolled study has been published. Having been occurred severe allergic reactions to the bovine superoxide dismutase, the substance has been withdrawn from commerce. It is currently marketed a superoxide dismutase of plant origin (cantaloupe melon) [95, 96] , it would be interesting to perform placebo-controlled trials with this new preparation. However, the substance is still not recommended for people with gluten intolerance, because the covering of the capsules consists of polymeric films of wheat gliadin matrix.
Cortison, steroid substances have been used locally by injection to prevent progression of Peyronie's disease. The use of such agents is justified by their anti-inflammatory effects via inhibition of phospholipase A2 (PLA2) and immunosuppression. Several Authors in their placebo controlled trials (betamethasone/triamcinolone/intralesional) [97, 98] showed no statistical difference between corticosteroids-treated and placebo groups. Corticosteroid injections are not currently recommended as an intralesional therapy for PD, due to the following reasons: local tissue atrophy and distortion of tissue planes, fibrosis, thinning of skin, immune suppression, lack of objective measures of benefit.
Iontophoresis (electromotive drug administration/ EMDA) is one of the "external energy therapies" that nevertheless requires the use of drugs. It is a non-invasive method of treatment for drug administration, that the patients can autonomously perform avoiding the use of penile injections, necessary for some types of drugs (Verapamil, Corticosteroids, Orgotein). There has been much discussion about its real effectiveness, although a study of Levine & Estrada (2003) [99] who measured Verapamil concentrations in the tunica albuginea in patients after surgical treatment of PD, showed high concentrations of Verapamil in the tunica albuginea specimens after iontophoresis administration. Three double-blind studies using iontophoresis (two placebocontrolled, and one lidocaine-controlled instead of a placebocontrolled) [100] [101] [102] were performed. There were conflicting results among them, in fact Greenfield et al. [100] have found not statistically significant results. However, the trials are not comparable each other, since in the three studies each researcher has used different drugs. It's obvious that if several drugs are tested, different results may occur. An important fact is demonstrated by the ability of the iontophoresis in penetrating the drug beyond the tunica albuginea. After all, iontophoresis is a safe and noninvasive treatment option that the patients can autonomously perform. Since home therapy is expected to a long time, the patients may directly buy or rent the appropriate equipment.
Local Use with Creams or Gels

Liposomally Recombinant Human Superoxide Dismutase (lrhSOD) Gel
Riedl et al, in a randomized placebo-controlled doubleblind prospective clinical study [103] , have evaluated the effectiveness of topical gel containing liposomally encapsulated recombinant human Superoxide Dismutase (lrhSOD) scavenger of free oxygen radicals. The results showed statistically significant improvements only in penile pain; statistically significant effects on decrease of plaque size or penile curvature have not been reported.
Verapamil Gel
Verapamil gel has been proposed for the local treatment of PD, however there have been no published placebocontrol trials. Martin et al. measured Verapamil concentrations in the tunica albuginea in patients undergoing surgical treatment (penile prosthesis placement) after application of the verapamil gel to the penile shaft (for a minimum of 12 h) however, the verapamil was not detected in any of the tunica specimens examined [104] .
Non-Pharmacological Methods
ESWT (Extracorporeal Shockwave Therapy) is another type of "external energy therapies" proposed for the treatment of PD. Its mechanism of action is still unknown but common experts' opinion is that the ESWT works by remodeling the penile plaque, resulting in a local reaction and an increased macrophage activity that leads to plaque degradation. Some authors have suggested that ESWT (as the ultrasonic treatment), by causing repeated trauma to the area of plaque, can lead to the creation of contralateral scarring of the penis resulting in "false" straightening [105, 106] . The majority of uncontrolled trials describe positive effects. Two European studies with a very detailed evaluation of symptoms after treatment with ESWT revealed no significant changes [107, 108] . Some placebo-controlled trials revealed no significant improvement in plaque size or penile curvature [109] [110] [111] . Consequently, ESWT is not currently recommended as a standard therapy for Peyronie's disease. In our opinion the only reasonable indication to ESWT is the condition of not stabilized PD with large calcified plaque (more than 30 mm), normal or slightly reduced sexual function and penile curvature compatible with coitus; ESWT treatment would serve to fragment the plaque and then to increase the surface area of contact with drugs introduced.
Radiation therapy has been used for the treatment of PD for several years. No placebo controlled studies have been published. Mullah et al. evaluated the effect of radiation on fibrogenic cytokine production in cells cultured from PD plaque tissue; the study has shown that radiation therapy may increase the production of fibrogenic cytokines and promote the fibrotic process [112] . Randomized multicenter clinical trials are needed to establish real effectiveness of this method. Radiation is not recommended at present for the treatment of Peyronie's disease.
Penile extender is a new medical device developed to increase penile length and recently proposed for the treatment of penile curvature PD associated. The device is utilized for daily stretching of the penis. Scroppo et al. (2001) have reported the first experience in the use of penile extenders as a treatment for penile curvature associated with PD [113] . Although the study reported statistically significant results (mean reduction in penile curvature = 14 degrees) it was limited by the small sample of patients. Later several studies were published on this topic, Levine et al. (2008) [114] reported better results on the improvement of curvature; however, the study included a limited sample of patients. [115] in a study of 19 patients with penile curvature with stable PD and treated with penile extender for 6 months, reported only minimal improvements in penile curvature.
EMERGING TREATMENT STRATEGIES
The antioxidants agents can hinder or block the inflammatory process at different levels. Vitamin E, in addition to having properties anti-COX-2 property, interacts with hydroxyl radical (hydroxide, the more damaging ROS). Propolis inhibits: NF-B activity (ROS-influenced) and the production of interleukins; the release of nitric oxide, TNFalpha, IL-1 ; the expressions of inducible iNOS and COX-2. L-carnitine scavenges superoxide anion radical and hydrogen peroxide. Pentoxifylline downregulates TNF-alpha release and reduces the activity of NF-B (ROS-influenced). CoQ10 being able to transfer electrons, it acts as an antioxidant and inhibits lipid peroxidation and protects also proteins from oxidation. Superoxide dismutase are enzymes that catalyze the dismutation of superoxide into oxygen and hydrogen peroxide scavenging free oxygen radicals.
Blueberry anthocyanins (flavonoids) inhibit NF-B, iNOS and COX-2 expression [116, 117] . Many other plants contain a high concentration of flavonoids. Quercetin, kaempferol and isorhamnetin are contained in Ginkgo biloba [118, 119] . Quercetin suppresses COX-2 expression and PGE2 production and it has been shown to inhibit TNFinduced expression by blocking the binding of the transactivator NF-kB [120] . Quercetin and kaempferol are potent inhibitors of hydrogen peroxide (H 2 O 2 ) production [121] . The following plants S. baicalensis, T. chinensis, S. Japonica, Mahonia fortunei, and Sophora flavescens, with their flavonoid compounds (wogonin, baicalin, trollisin I and II, isoswertisin, vitexin, quercetin, rutin, isorhamnetin, trifolirhizin etc.) have exhibited significant antiinflammatory activity by inhibition of the production of NO and TNF-alpha [122] .
Therefore, in case of PD in active phase, the more appropriate therapeutic strategy is certainly a treatment that includes antioxidants associated with other antifibrotic drugs. Following a careful review of the literature and the latest knowledge on the pathophysiology of Peyronie's disease, we suggest some key strategic points. In case of conservative treatment of PD, "monotherapy" should be avoided; instead, the "combination therapies" should be preferred in order to achieve higher success rates. The drugs to choose should be those substances that have already been tested with good results; therefore it should be choosed Verapamil [administered by injection (10 mg) twice monthly + ionthophoresis (5 mg/daily)] in combination with antioxidant agents (pentoxifylline, propolis, vitamin E, flavonoids, Q10, superoxide dismutase etc.). Verapamil should be always chosen because it is the drug most experimented for local use. Antioxidants, should be prescribed for the reason that they operate to scavenge and suppress the formation of ROS (or hindering their effects) that are the major mediators for enhancement of collagen synthesis. Our experience on the use of anti-inflammatory for local use (gel) in combination with other drugs [57] allows us to suggest the use of diclofenac. Although there is no literature on this subject except our recent study, diclofenac (creams or gel) has been shown to achieve significant results in treating inflammation of the large joints, where the joint capsule is thick on average from 1 to 4 mm. If we consider that the tunica albuginea has a thickness of 0.5 to 2 mm, we can deduce that the drug is able to penetrate into the corpora cavernosa without any particular obstacles. Since the PD is a chronic illness, short-term therapies should therefore be avoided, instead it should be choose long-term therapies (at least 6 months) in order to ensure a sufficient treatment. We think it would be interesting to implement trials concerning the benefits of the use of PDE5 inhibitors in Peyronie's disease, in fact some recent studies show that these agents may be able to reverse the fibrosis [123, 124] also in humans (Tadalafil) [125] . In our opinion the indication for the application of penile extenders should concern patients with penile curvature (not exceeding 50 degrees) and non-active Peyronie's disease. In fact, the penile extender if used in the active phase of PD, leads to a continuous traction, undoubtedly slightly traumatic and therefore may result in an exacerbation of inflammation with secondary progression and worsening.
